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DESIGM FEATURES

The TW/Lans Assenhly is comprized of 06 electrical subaszemblias; 13 subassemblias
are RCA Astro designed amd fabricaled using standard printed-circuib board type of
cpastruction. The remaining Lhree assembhVies, high vultuﬁe pPOwET iuppif. ascillataor,
and stepper matsrs, are vender supplied compenents whick have heen cpeciFies and
purthosed according 1o BCA Specification Contral Drawings |SCBs) prepared by engi=-
ngering and reliability assurance. Specifications par the S0 are prapared Lo
@ilablich the design, performiace, Lest, qualification, amd auceptance requirenents
fer a procured plece of equipment, :

Paris, materials, processes, andé desige guidelines far the Shuttle CCTV Pragran Are
spe<ifiad in acegrdance with RCA 2295503, This decument defines Lhe Prigram f&quire-
wenty for selaction and cantrel of EEE parts. To the maeioum exkent, and comsittant
with availability., all parts have been selected From milvtary specificatipns al che
AN Tevel, o5 o winiaen, In addition te the overald seductign critaria, 4 subigt af
general purpsie prefarred parts has been defined by Lhis ducument ans Che RCA Govern-
nent Syilems Division Standard Parks List. [n thé Case of the CMDS and TTL Famiby of
microcircuits, devices are screened and tested 1o the HMIL-§ID-0390 equivalent and
procuced under tha designalions af HI-REL/IWI} and SHC S4LS From RCA-S50 and Tends
Instrumants Corp, rusfe:tivelyi Parts not wncludted in Lhe abave documents have been
wigd in the design anly afier a nonscandarg item approval form [HSTAF] has bedn pre—
pared. zubnittad t# Reliability Assurance Fagineering (RAE) and appruved far use in
the specific application(s) delined in the NSLAF by AASA-JLC.

Worst—Lase Circuit Analyses have been perfsrmed and dacumentes far 211 chrcuit
desigis Lo dempastrate Lhat su*Ficient gperating rarying <35t fur all gperating
conditions. The analysis was wor~x case—in that Lhe value for each af tha varizble
paramelers was sk Lo limits that will drive the oubput {0 2 masimun §or minimum) .

b romponent applicatian review and aralysis was conducted &g werify Lhat the applied
stress on gdch piece part by the temperature wvxtvemes identified with envirpomental
qualificaiian Lesting daes not exceed Lha siress gerating walues identified in R{A
HA95503.

[n additica, an ebjective examintian of the design mas pertarmed through a FIR and
COR 10 verily thal the TVL/Lens asseably mek specidication end cosiractyugl FRQUire-
menks.
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"~ FAILDRE MODE AND TAFLLRE EFFECT T
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Lass of +2BV swikched pgwer Lo the i BESLGH FEATURES {Captiausd]
Pru. Ko Pas-lilLk malioa in
responsé Lo comnaads, BARE BHOARD AESIGH (A6)
(LN )
£, Z2294685-500 Worst Lase! Fha dexign far the associated boards Ab are canstructed Trom Vominated
Power OnfHF swikching Loss &f elbow PIU sopper-clad epony ylass sheets [HEMA G-18) Grade FA-4}, PER HIL—P-55G1/4. Circuit
control prevents connections are made through priated tedces which run From point ta point an the
stowing khe EMS. board surddces. Every trace Lermindbes at an aonular ring. The dnnular rin

swrraunds bhe hode im which a coopoaent Yead or terminal is lecated. This ring
provides & Teoliny Tur the solder, ensuring good mechanical sud eleckrical
performanca. Fts size and shape are gowerned by MIL-P-55640 as are trace widtls,
spaling and ruwuting. These requireashts are reiterated specifically in draving
nodes bé Further aisurs compliance. Varialions between the artworhk masler and Lhe
final pruduct {due ta irregqularities of the atching process) are alio controlled by
drawing notes. [his prevenis making defective boards fram yuod artwork. Hobes which
house na bead or terminal, Dub sarve oaly ta elecirically inlerconnect the 49FFerent
basrd layars, contain stitch kars For mechanical support and increasad rebishilivy,

Ehy thry heles are drilled from a drill tape thus ¢limineling the possibilinvy of
bnan errac and allowing Light contral over hole and annular riag concenkricily, an
impurtant valiakidity ¢riterian. After drilling and etching, #11 cg per cladding 15
Lin-lead plated per NIL-5TD-34995. Fhis pravides tar easyp and FE]iﬂﬂ?E saldering ae
the time of board asaeably, even after periods of prolanged storaye,

BDaE0 ASTEMALY DESIGH (AG)

L]
Al} conpanants are isstalled in a manner which assures pamimm reliability.
Conponead beads ar@ pre-tinnep, allowing total welting of solder jaints. Al leads
are formed Lo pravide siress relief and the bedies of large compuaents are stakep,
Special maunding and handting instrygtians are inciuded sn aach drawiag required
df ter final agzenkly. The board 135 coated wilth uretkang whiuh FruteEcts against
humidity and cantaminatian.

B0ARD PLACEHENT

Fhe bodrds are secored in ihe electronics assonbly hy goald-plaked
beryllium copper card guides. C[onnections are made to the mother board
with bl ind-maved connectors. Disenyageseal during launch i+ prevanted by
4 cover which spens the board's Free edge.

0 Ik ' 280 e -t
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FaliURE #DE AMD FAILURE EFFECT

CausE O EHB [1EH RATIGHALE EDR ACCEPVANCE
Lois of #28¥ switchad power to Lhe QUALIEECATION TEST
BTy Me Pan-tilL @okien in
- response to commands. For Qualificakian Tast Flow, ses Table 2 lgcated al the frant of this book.
¥
M, 2294808%-501 Harat (aze:
Power DadiFf swilching Lass of glbaw PTU

canlral prevents
stowing bthe AM5.
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FALLWRE HODL ARD FAILURE EFFECT
- S -] ] S 0 EH [1EH EATIONALE FOR ACCEPIANMLE
loss al «dBY switched poner o Lh
Loss poner 4o Lhe Mo Fan-tilt wetion o ACCEFTANCE TEST .
respanse to cammands, The CLTV systens® TVCAHLA i subjectied dirertly. without vibration iselaters which
[} ) might be used in lheir anrmd] fastallaticoa, v the follawing testing;
f. 2293885501 Horsh Cass:
itmer Ord0( swrLChing Less of eloow PTU s Vibration: 20. Bz : 3 dB/Bgt-rise from 0.01 GZ/He
: canleal prevents A0-350 Hi: G.04 EEIIIz
slowing Lhw RMS. Ih0-750 Hz: ~3 dB/ 0 Det-slope
Mest Durglion; | Mingle per Aais
lest Level: 6.1 Grms
# Ihernal Vaguun: In a pressure of 1X1872 Tarr, Lbe temperalure shall be a5
Lok Yams:
o4 Fo Tewe 0o siwhloge gquipmenl plus 3 hionr
%" Fr Do e steblize equipiienl plus 1 huwr
125* Fi  Tune Lo stablize equipmenl plus | hour
the WLAHLA mdy not hive baen suhjecded Lo the vacuws cosdilunn.
fur Acceprance Fesi Flow, see Takle | locaied at Lhe front ob this bosk,
OPERATIONAL TESTS
T Ty Lhal CCTY components are operitional, a test must verify Che
haalth of all bthe comeand related compoaents From the PHS JAFA1) pamel swilch,
Chrowgls Lhe #CY, Lhrough Che sy Bnes ko Lhe Camera/fTU, to the CanerafPTI command
decoder.  The tast wst also werify the camerats ability to produce video, the ¥5U's
ability to route vides, and the moniter's ability to display videa. & similar best
would Le performsd Lo verify the MOH command path. '
Pre-Launch on Brbiter Tesk/fIn-Flight Test
(HOEE: In-Fllght testing af the elbow camera/PTY must nut be conducted as hung
a5 Lhe crit ty¢1 Interference 15 present.)
Vo Poaver CTY System.
o Via the IS pane], select a wonitor 3¢ destination and the camersa undar
test as sonrce,
1. Send "Camerid Power O0* coowamk from PIS panel.
4. Szlact "External Sync™ on manitor,
5. Observe video displtaycd on moniter. Moke that | 3F swiiled on oonjter is
synchroniped {i.a., stable raster], then this Jndicates that the cawera
15 receiving comosile sync from the REU and that the camera is produr ing
cynchmani sid yiden,
6. Send Pam, Tilt, Focus, Zoom, ALC, aril GAMMA commands amnd visually [eithar
wia the monitur or direct observal lan) verify operation.
Fo Selecl dowmllnk as destination and camera under €est as saurce.
&. hbsarve wideo rooted v downdink, .
9, Send *Comera Powcr EF command via IS panel.
", kbl 4.82 10, Kepeat Steps 3 Llrough B, except isShe commands wis bhe MM command path,
Mels proves thal Lhe CETY cquipiwent is operat ionak.
For b
. A
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L?a? of #£8Y swiiched poner 1o the | My Far—td1t mobicn in DASIHSEECTION
respanse ta commands., Procurpwent Contrel — The TWU/HLA EEE Fartc and hardwdre items are procured frea
1%L . spproved verdury ond suppliers, shich meet the requiresents sed Forlbe in the COTY
iy, Z¢MHBY -0 H fﬂ BID cantract and Quality Plan Wark Statanent (WS-254317&). Residant DLAS persanned
Puver DO swi Lohimg Loss of elbow révigw all grocureuenl docunenis to eitablish the aeed For GSI on selecled parls
, contral preveats (FAL 517).

slowing Lhe RHS.
in¢ i d_5tarage - Inacoming Quality incpecticas are made oo 2]l
reteived malerials ard parls. Reswlbs are recardeo by lob and relained in File by
drdwing and conbral numbers for Fukure reference and braceability. A1 EEE parts
are subjected ta incoming acceptance tests as called for in PAl ;IS = Incaumnegg
[nspeclian Test Enslruclions. Incomsng flight parts ara furlber processed s
accardance with RCA VMEGRD - Precandibivning and Acgeplince Reguirenents for
Elactronic Parls, with tha eeception that DPA and FIMD Lesting it aol perl ormed
Hechamical items are inspected per PAL 310 - fucoming Inspectiom Instructions for
mechanmical ilemw, Pal W5 - Incoming Quality Controi laspaction Llastrucbica, and
Fal 632 - Pracedure For Processing Incoming er Purchased Farcs Besigaated tor Flighl
Uz, Accepted items are deliversd ta Haterial Contralied SLores and retained wnder
specitisd conditipas wnt1] fabrication 1s required. Man-camborming materials are
held tor Materidbl Revien Board [HAB) disposition. ([FAL-107, PAL [QC-531.,)

Bowrd Assconly & Pesi - Prior ta Lhe start of IWC board asseahly, all 1lems
are verifigd 1o be correct by stock room perssnnel, as the items are accomulaled Lo

form a kit. The items are variiica sgain by the operator wha assembies Ehe kit by
checking againsl the as-buill-parts-Tist (AUPL). DCAS Haadaiosy Inspection Paings
are designaled For all printed ciccuid, wire wrip dnd velded wire hoards, plus
harness comneckors For soldering wiring, crimping, selder splices and qualily
wiarbnanihip proor to coating of Lhe gonponent side of boards and tleeving of
hdrmueiney.

' Il Baards

Specific TV buard assembly and test inslructions are pravided ia srawing nakes, and
applicable fociwmwnls ¢re Called vut in the Fabrication Procedure and Becord
(FPR-2294319} ang parts Vist PL2234819. These include shultle TVC assembly notes
£5%1b60, Praress Standard RIV-S0s 22B0RF, Precocs Standard - Bonding Welcro Tape
2280483, Specification Suldering 22807449, Specificatiun Hawe Plate Agplicalian
1960161, Specification - Crimprog JPH080D, Specification - Bonding and Slaking

- 2280878, Specification - UreLhave cudbing 22850677, Specitication - Tucking comgound
' 20014, Speciticarion Lpoxy Adhasive ZOI10GE, Specification - Harking F7004876,
Specification - Wortmanslup QOOIS, Speciricatiun Handisy amd SMakiny 27HUAFS.
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Toss of 20V switched pawer Lo the
FIu,

IyC

A, Z2U4HHS-50|
Mamer (oA Switching
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Mo Pan-tilL mation in
reapanie Lo Comends,

Harst Cage:

Lass af elbow FiLl
cuatrol preveats

Sloming Lhe RHS.

T NIT  __IYC/HLA
SIMTTLE CCTY Ohl W), 2290819506, 500/
CHAFICAL ITEMWS LIEST 22948 X -5 [
SHEET /] 0F a
— HATIQRALE FOR aCCFPTANCE
Oa ISFICTIUN  (Contisced]
I¥C  Assembby and Test

An tpen bon test is perforwed per TR-TT-22048149, and an Acceptance Tesd por
IP-AT-22908 19, including vibration ané thermal vacwuw. Torques ore specified and
Wiliessed, traceabilily numbers are recorded and calibrateg toaly dre chacked prios
to wse, PRCA Quality and DCAS wnspections are guriermed at Lhe cempletion of
sprcified VPR aperdbions in accordasce whth PAV—204, PAL-705, PAL 206 and PAL 217,
DLAS personasl withess TV buktom—wp and crilical Lorguing.

W{/HA Assembiy. and Test - After & TVE and an MLA have has besn tested individually,

Lhey dare mated and a final accepbance test is pervormed par TP-AT-229a819, ine luding
wibrobion and Lheoma) wacuwn enu.rgnments. RCA and BCA%S persannel menitar Lhese Lests
il raview Lhe accaptance tost data resalls. These persomsz] alsg inspact far conlormance
wller ol repair, rework and retedt,

Fesparalaun toc Shipmepd - The IYC and HWLA are separatéd prioe Lu shipmentl arter
fabriculaon dmd tesbing 15 conplete. Fach iy pachayed according Lo COTV Latter 8001
and S ML, Process standaed lar Packaging aad flandling yoidel ines. ANl relaled
docuiientdLidn inCloding d55emb |y dramiags, Paris 1ist, ABRL, Test Dava, ate., is
yalhered and held in g decumentation Falder sssigned specifically €0 edch assemcly.
Fhis lolder 18 retained for reterence. An FLOP 15 prapared lue sach assenbly in
steurdanee wilh the vequivements ol WS-2591176. RCA QL and OCAS persanne) wilngss
ordting, packaging, paching, and markeng, sl review the EIDP Ior complateness and
.n.l.ur.n:'y.

g SOV
. Y
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Lusy of +30Y switched poawer Lo whe
PTU.

Tl

Al 2294BB5-501
Fower Oa/0FF uwilching

vl

Loss of FTY Function

Lnss of plow AT
conbynl pravants
stowing the AMS,

[AILURE H]STORY
10R — WIMD — Log #04BA - TW( 50 G0B-LDZ

Descripiion: Pre-Lauwnch Tesy Fallere
Baw Level
* Ambient Eaviranment ]
?EEEU WX 5-2-01-0097 wail regurned From K3C.  Puwer was opplisd to wrang pins.
+28V ). L

Layse: [neorvact wiring af shatile craft harness, pul +28Y Le JL-10 and
ETH to J1-9.

Corvepliye Ackigg: Wiring ¢f shutlle harmess (@ b9 repaired by responsikle
organication. Failure analysis performed and correclive aclion Laken on W
S/W 00D, AL boars-failure analysis indicated the follewing parts are L4 be
changed., 01, 93, 12, CA3, CRG, and RSEL were replaced.

1 - KeBZ3 - Log #558 - TVE 5/ 012-502

YITT = Loy #5668 - TVG  5/H DG3-502
Y1731 — Log #4666 - TVC  SAH DO2-402
YI1?F - iny #5668 - TV 5/4 009-502
Y170 — Log #5677 - TWC  S/H OMA-502
YIPID - Lug #5067 - TWC 5/H 030-502
YIFI0 - Log #%6B - TWC  S5/W 0DL7-5D2
WITZY = Log #5378 - TVD 5/N D20-502

Desirigligng: Flight Failore, Spacecrafl Lewe)
EMS W Canera oarcwil breaker popped ppen during Flight mission STS-1.

Louse: Comera Yow wollage svpply has errablic syncrunization moda at law
tenperalure.

Correetivg polion: ANl Flighl coveras were redurned under CCARS far reéwmbrh
and retesl Lo ECH C-)881. ECH {[-1881) tu Lthe low voltuye power tupplies
elinminales Lhe ervatic spnorgnization problem.  T¥D growpp parl ao,  has &een
changed drein 2200819-502 to 504 to derate cameras that contawn bow vallage
puwer supply nodilicat ion.

445
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CRITICAL I1TEMS LTST
SHEET 74 OF ]

TTUFATLUKE HODE AND
Caust

FATLURE EFFECT
D EHD ITEM

HAUIOMAIE FOR ACCERTARMCE

1oss o] +2BY switched power Lo the
FTU.

e '
Ab, 229460%-501
Fomer DafOfF switching

ik

Ltoss of PTU Fuachign

Lloss of elhow £Ti)

control prevenks
sivnlng the FM3,

FAILURLC BISTORY
FOR - wiTEd - Loy SOB3A — TVL 3/W DZ26-506

beacriplion: fTlight Failure, Spacecrafe Lavel
5154

Juring Ll Flight uEeratiunﬁ. vae Lime Whah Créw lurned comera on Lthey had na
coatral of ALC and bamua funciigng,
Pryb¥em resulved iLself by recycling pawer.

Cotae: After pumerpus pperatans, the reporiled tcomdilion was doplicated on besi
teb. Alter daitial furn gn, camera would ot excapt ALC, and Gawa consmends,
It was Teund Lhet Lhe aulpud of UI3 Pin & CHO F.F. reset on AZ board was selb

in a high siale. This should nornally Rave been resel low by either "POR" or
ik cwunt 38 pulses, after initial power furn—gu.

Suspacl devices A2 - U2E, Ubh, UGKT, and LIGA.

Corveclive Aclion: Raooved and replaced the fallowing parts on the 42 Board
Ut - 0b6h, UB?, and UGB. Lal analysis bid notl indicaled any defert with romoved
pdvts. FProbliw has nat recurred afier new parts were anstabled.

10R = 439239 - Log #0964 — TWC 5/H 031-50&

Pescriptipn: Flight Failure, Spacecrafi Level
51514

Froblem report PWAH-ODABIT

Ho wideo dulpui

{ousp: DelecLive Belay -1 va Lhe A6 Board.

{Orrpclive ACLjpn: €ause due tp o fareign conductive pariicle temporarily
lodqed belweea relay leads and board P.L. Iraces. Relay K-1 senl {p praduct
assuranée 1ab lor analysis, report #43909. Numérous disiTEPSRCI@S wRFE
fouwnd, mowe ol which wiérg criligal.

IR - B-135¢1 - Leg #1165 - TVD S0 O38-508

Degiciplion: Accegiance Test Farlore
Hax Lpwel
Thernal Yac — Il [nvi
Eacessive Supply curread, losd 411 BiRAcamesra Jights and putput vidoo infarmalion.

Cousg: Sherted capaciier €14 pn A6 hoard.
Cerrecliee Allion: C14 remnved aod replaced wilh aew capocilior. Peodocl assurance

Tube (nead@ nuob Baied 3 cause bur starled cap. (Report & WL 1A
Loy idered random [an lure.

40490,

e ey
F. F_



REVISED &-7.17

e L . DT 1Y /HLA
fmba ko 417 . SHUTTLE [CTY Dol MO, _ 27944]19=506, S0/
CRAITICAL ITEHS LIST cHdnad-5p2
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FAILURE MODE AMD FALLUAE EFFEC)
CAUSE 0N EMD ITEW_ BATIDMALE FOR ACCEPFANCE

Tars of 328V swifched pouer Lo €he | 4y pan-tilt motion in OPERATIAMAL CTTLCTS

. raspanse Lo Conmandsi.
Loss of ability to position the 2lbow camera. Fossible Inability 1o stuw the BMS if

el e birsl Case: the elbow canera physically inkerferes with a payload. 1§ RHS camnot be stowed ihe
Bl AHNIHEY -G _ Lpss of ebthow PIL port payload bgy door cannol ba closed. Loss of crew and vehicla.
Fomer Dodtit gwoLohing coateal pravents

stawing Ehe EHS, .| CREW ACTIONWS

Parform EVA Lo reposition the elbow camera, use AMS mation to repusition the comera,
or jettlson the RMS. .

- CRE4 TRAIHTHG
{red should be trained in conbingency EWA aad FH3 gperationy procedures.
B1SEI0H COMSTRATHT ,

Do act manifest elbow camera far any flight where the payload and the elbaw cimera
can interfere wilh each gther {tor any pan or tilt angle]l. IF Lha cawera must be
fown da aot change Lhe canera pasition until the interfering paylpsd is deployed.




